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which includes an on-board controller configured to deter-
mine a position of the vehicle on the guideway. The position
determining system further includes a transmitter/detector
array configured to emit an interrogation signal and to recerve
reflection signals based on the emitted interrogation signal.
The transmitter/detector array includes a first antenna and a
second antenna, the second antenna spaced from the first
antenna 1n a direction of travel of the vehicle. The position
determining system further includes a transponder 1dentifica-
tion database configured to store transponder information.
The on-board controller 1s configured to determine the posi-
tion of the vehicle along the guideway based on a modulated
reflection signal recerved by the transmitter/detector array
and a first non-modulated retlection signal received by the
transmuitter/detector array.
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VEHICLE POSITION DETERMINING
SYSTEM AND METHOD OF USING THE
SAME

BACKGROUND

Determining a position of each vehicle 1n a guideway net-
work helps to maintain precise control and coordinated move-
ment of vehicles 1n the guideway network. In some instances,
vehicle positioning information 1s generated using on-guide-
way devices positioned on a guideway, such as axle counters
or track circuits, which generate a position signal 1n response
to the presence of the vehicle on the gmideway at the location
of the on-guideway device.

In some 1nstances, vehicle positioning information 1s gen-
erated by an 1solated transponder which receives a signal
from the vehicle and transmits a modulated signal back to the
vehicle. The modulated signal provides a unique 1dentifica-
tion of the transponder used to determine the position of the
vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments are illustrated by way of
example, and not by limitation, 1n the figures of the accom-
panying drawings, wherein elements having the same refer-
ence numeral designations represent like elements through-
out. It 1s emphasized that, in accordance with standard
practice 1n the industry various features may not be drawn to
scale and are used for illustration purposes only. In fact, the
dimensions of the various features in the drawings may be
arbitrarily increased or decreased for clarity of discussion.
The figures of the drawings are incorporated herein and
include the following wherein:

FI1G. 1 1s a block diagram of a vehicle position determining,
system 1n accordance with one or more embodiments;

FIG. 2 1s a block diagram of a transmitter/detector array
on-board a vehicle 1n accordance with one or more embodi-
ments;

FIG. 3 15 a block diagram of a transmitter/detector array
on-board a vehicle 1n accordance with one or more embodi-
ments;

FI1G. 4 1s a schematic diagram of a vehicle position deter-
mimng arrangement disposed along a guideway in accor-
dance with one or more embodiments:

FIG. 5 15 a block diagram of a general purpose computing,
device for implementing the vehicle position determining
system shown in FIG. 1 1n accordance with one or more
embodiments; and

FIG. 6 1s a flow chart of a method of determining a vehicle
position 1n accordance with one or more embodiments.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
the invention. Specific examples of components and arrange-
ments are described below to simplify the present disclosure.
These are examples and are not intended to be limiting.

As automated control of vehicles traveling along guide-
ways 1ncreases, precision of position determination of the
vehicles becomes more important. In some instances, posi-
tioming systems relying solely on a transponder having a
unique 1dentification code are capable of determining a posi-
tion of the vehicle with an accuracy of approximately 2
meters (m). In some automatically controlled systems, a
higher degree of precision helps to ensure accurate stopping,
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locations for the vehicle. For example, a system seeking to
align exit doors of a vehicle with certain positions on a plat-
form, such as entry gates, doorways or other demarcations,
would be aided by a higher degree of position accuracy. In
some embodiments, a position determining system detects a
location of a reflective positioning element and a transponder
and 1s capable of determining the position of the vehicle
within an accuracy of approximately 3 centimeters (cm). The
increased precision of the position determination facilitates
alignment of exit doors of the vehicle with positions on the
platform, for example. The increased precision also increases
elficiency of control for multiple vehicles along the gmideway
by reducing a potential error 1n the position for each of the
vehicles on the guideway.

In some embodiments, the position determining system
also provides an advantage of determining a heading of the
vehicle using a single transponder. In other position deter-
mining systems, the heading of the vehicle 1s determined by
comparing the unique identification code of consecutive tran-
sponders. In some 1nstances, a distance between consecutive
transponders 1s significant which delays determination of the
heading of the vehicle until the vehicle can traverse the dis-
tance between the consecutive transponders. I transponders
are positioned too close together, a risk of the unique 1denti-
fication code of two consecutive transponders interfering
with each other increases. In addition, the cost of installing
and maintaining the transponders increases as a number of
transponders on the guideway increases. In some embodi-
ments, the position determining system determines the head-
ing of the vehicle by detecting a single transponder and two
reflective positioming elements positioned along the guide-
way. The use of a single transponder decreases installation
and maintenance costs. The use of the two reflective position-
ing elements also helps reduce a delay time 1n determining the
heading of the vehicle because the retlective positioning ele-
ments can be located close to the transponder without a risk of
interference with the unique identification code of the tran-
sponder. The use of the two reflective positioning elements
also helps to increase accuracy of the position determining
system 1n comparison with a single reflective positioning
clement arrangement.

FIG. 1 1s a block diagram of a position determining system
100 1n accordance with one or more embodiments. Position
determining system 100 includes a vital on-board controller
(VOBC) 102 configured to determine a position of the vehicle
along the guideway. Position determining system 100 further
includes a transmitter/detector array 104 configured to trans-
mit a signal to interrogate positioning elements along the
guideway and receive signals from the interrogated position-
ing clements. Position determining system 100 further
includes a transponder 1D database 106 configured to store
the unique 1dentification codes of transponders and a corre-
sponding position along the guideway. Position determining
system 100 further includes an external control system 108
configured to communicate with VOBC 102.

In some embodiments. VOBC 102 1s implemented by run-
ning a background process on every vital machine having
safety integrity level 4 (SIL 4) 1n the system which listens to
communication traffic and collects key data as identified by a
configuration profile of the VOW. SIL 4 1s based on Interna-
tional Electrotechnical Commission’s (IEC) standard IEC
61508. SIL level 4 means the probability of failure per hour
ranges from 107° to 1077,

In some embodiments, VOBC 102 1s configured to com-
municate with transmitter/detector array 104 through a wired
or wireless connection. In some embodiments, transmitter/
detector array 104 1s incorporated into VOBC 102. In some




US 9,227,641 B2

3

embodiments, VOBC 102 1s configured to communicate with
transponder 1D database 106 through a wired or wireless
connection. In some embodiments, transponder identification
(ID) database 106 1s incorporated into VOBC 102. VOBC 102
1s configured to communicate with external control system
108 via a wireless connection. In at least some embodiments,
a wireless connection comprises a radio frequency signal, an
inductive loop signal, an optical signal, a microwave signal,
or another suitable signal. VOBC 102 1s configured to trans-
mit position information to external control system 108. In
some embodiments, VOBC 102 1s configured to transmit
heading information to external control system 108. VOBC
102 1s configured to recerve information, such as movement
authority instructions, updates for transponder 1D database
106, switch positions along the guideway, position informa-
tion for other vehicles along the guideway, or other suitable
information, from external control system 108.

Transmitter/detector array 104 1s configured to emit an
interrogation signal for interrogating positioning elements
positioned along the guideway. In some embodiments, the
interrogation signal 1s a single wavelength unique to the
vehicle. In some embodiments, the interrogation signal
includes a tunable wavelength. Transmitter/detector array
104 1s configured to receive signals from the positioning
clements. The signals from the positioning elements include
a retlected signal of the interrogation signal or a modulated
reflection signal based on the interrogation signal, 1n some
embodiments. In some embodiments, the signals from the
positioning elements are analyzed by circuitry 1n transmaitter/
detector array 104 and the result of the analysis 1s transmuitted
to VOBC 102. In some embodiments, the signals from the
positioning elements are received by transmitter/detector
array 104 and are sent directly to VOBC 102 and are analyzed
by circuitry 1n the VOBC. Additional details of some embodi-
ments of transmitter/detector array 104 are provided below in
reference to FIG. 2.

Transponder ID database 106 1s a non-transitory computer
readable medium configured to store the unique identification
codes of transponders disposed along the guideway cross-
referenced with a location of the transponder along the guide-
way. In some embodiments, VOBC 102 1s configured to
update transponder ID database 106 based on information
received from external control system 108. In some embodi-
ments, transponder ID database 106 includes the unique 1den-
tification codes for less than all of the transponders along the
guideway. In some embodiments, transponder 1D database
106 includes the unique identification codes for all of the
transponders along the guideway. In some embodiments
where the signals from the positioning elements are analyzed
in the transmitter/detector array 104, the transmitter/detector
array 1s configured to communication with transponder 1D
database 106.

External control system 108 1s configured to communicate
with VOBC 102. In some embodiments, external control sys-
tem 108 1s a de-centralized control system configured to
control movement of vehicles along less than an entirety of a
guideway network. In some embodiments, external control
system 108 1s a centralized control system configured to
control movement of vehicles along the entirety of the guide-
way network. In some embodiments, external control system
108 1s configured to provide movement istructions to VOBC
102 which are implemented by a driver or by an automatic
speed and braking control system (not shown). In some
embodiments, the movement 1nstructions are based on posi-
tion information recerved from VOBC 102. In some embodi-
ments, external control system 108 1s configured to receive
position mformation from VOBC 102 and transmit move-
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4

ment nstructions to other vehicles in the guideway network
based on the position information from the VOBC.

FIG. 2 1s a block diagram of a transmitter/detector array
200 1n accordance with one or more embodiments. Transmuit-
ter/detector array 200 1s configured to analyze signals
received from positioning elements along the gudeway.
Transmitter/detector 200 includes at least two antennae 202
with one configured to emit interrogation signals and two or
more configured to recerve retlection signals. Antennae 202
are spaced from each other 1n a direction of travel along the
guideway. Each antenna 202 1s connected to a corresponding
splitter 204 configured to split a signal received by the respec-
tive antenna. Each splitter 204 1s connected to a summing
circuit 206 configured to add the signals from the splitters 204
together. Each splitter 204 1s also connected to a difference
circuit 208 configured to determine a difference between the
signals from the splitters 204. Summing circuit 206 and dii-
terence circuit 208 are both connected to a phase comparator
210 configured to compare the sum of the signals from the
splitters 204 with a difference between the signals from the
splitters. Transmitter/detector array 200 further includes a
position detection umt 212 configured to determine 11 a high-
est magnitude sum from summing circuit 206 coincides with
a determined phase difference of zero 1n order to 1dentily a
precise location of the positioning element. In some embodi-
ments where the positioning element 1s a halt-wavelength
reflector, phase comparator 210 1s configured to determine
the half-wavelength reflector i1s located an equal distance
from each antennae 202 i1f a phase of an output of summing
circuit 206 matches a phase of an output of difference circuit
208.

Transmitter/detector 200 1s also configured to receive a
main radio frequency (RF) signal for interrogating the posi-
tioning elements at summing circuit 206. The main RF signal
1s received at summing circuit 206. In some embodiments, the
main RF signal 1s recerved at a different location 1n transmit-
ter/detector array 200. In some embodiments, the main RF
signal 1s recetved from VOBC 102 (FIG. 1). In some embodi-
ments, the main RF signal 1s received from a separate signal
generator. In some embodiments, the main RF signal 1s gen-
crated by a signal generator within transmitter/detector array
200. In some embodiments, a wavelength of the main RF
signal 1s unique to the vehicle. In some embodiments, the
wavelength of the main RF signal 1s tunable. In some embodi-
ments, the wavelength of the main RF signal i1s 1n a radio
frequency wavelength range. In some embodiments, the
wavelength of the main RF signal 1s 1n an infrared frequency
wavelength range.

In operation, summing circuit 206 recerves the main RF
signal and transmuits the main RF signal to splitters 204, which
in turn supply the main RF signal to at least one antenna of
antennae 202. Antennae 202 convert the main RF signal into
the interrogation signal and emait the iterrogation signal. In
some embodiments, antennae 202 emit the interrogation sig-
nal continuously. In some embodiments, antennae 202 emit
the interrogation signal in a pulsed manner. Antennae 202
also recerve retlection signals from positioning elements
along the guideway. In some embodiments, the reflection
signals are modulated reflections of the interrogation signal.
In some embodiments, the reflection signals include the
unique 1dentification code of a transponder. In some embodi-
ments, the reflection signals are non-modulated reflections of
the interrogation signals.

Antennae 202 convert the retlection signals to detection
signals and transmit the detection signals to the respective
splitters 204. Splitters 204 split the detection signals and
transier the split detection signals to both summing circuit
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206 and difference circuit 204. Summing circuit 206 deter-
mines a sum of the split detection signals and transmits the
sum to phase comparator 210 and position determining unit
212. Difference circuit 208 determines a difference between
the split detection signals and transmits the difference to
phase comparator 210.

Phase comparator 210 determines a phase difference
between the sum and the difference. Phase comparator 210
outputs a determined phase difference. Phase comparator 210
determines a reflective positioning element, e.g., a half-wave-
length reflector, 1s positioned an equal distance from each
antennae 202 1f the determined phase difference 1s zero.
Determining the position of the vehicle based on the phase
difference between the received signals of antennaec 202
increases precision of the position determination. Position
detection unit 212 receives the sum from summing circuit
206. Position detection unit 212 also receives the determined
phase difference and determines whether the sum from sum-
ming circuit 206 1s at the highest magnitude. The vehicle 1s
directly over the reflective positioning element 11 the phase
difference 1s equal to zero and the sum 1s at the highest
magnitude. In some embodiments, transmitter/detector array
200 determines the position of the vehicle relative to the
reflective positioning element within an error of less than 3
Cm.

Antennae 202 also detect the modulated reflection signal
from a transponder. In some embodiments, a separate antenna
detects the modulated retlection signal from the transponder.
In operation, transmitter/detector array 200 receives the
modulated reflection signal and transmits the modulated
reflection signal to VOBC 102 (FIG. 1). In some embodi-
ments, transmitter/detector array 200 identifies the unique
identification code of the transponder and transmits the
unique 1dentification code to VOBC 102. In some embodi-
ments, transmitter/detector array 200 transmits the modu-
lated retlection signal to VOBC 102, and the VOBC 1dentifies
the unique 1dentification code of the transponder.

FIG. 3 1s a block diagram of a transmitter/detector array
300 on-board a vehicle 1n accordance with one or more
embodiments. Transmitter/detector array 300 1s similar to
transmitter/detector array 200, transmitter/detector array 300
does not include difference circuit 208. Similar elements 1n
transmitter/detector array 300 are labeled with a same refer-
ence number as in transmitter/detector array 200 increased by
100. Phase comparator 310 1s configured to determine a phase
difference of the reflection signals receirved directly from
splitters 304.

In operation, the interrogation signal 1s transmitted on one
antenna 302a. In some embodiments, antenna 302a emits the
interrogation signal continuously. In some embodiments,
antenna 302a emits the interrogation signal 1n a pulsed man-
ner. Both antennae 302a and 3025 recerve retlection signals
from positioning elements along the guideway. Antennae 302
convert the reflection signals to detection signals and transmut
the detection signals to the respective splitters 304. Splitters
204 split the detection signals and transter the split detection
signals to both summing circuit 304 and phase comparator
310. Summing circuit 306 determines a sum of the split
detection signals and transmaits the sum to position determin-
ing unit 312.

Phase comparator 310 determines a phase difference
between signals recerved directly from splitters 304. Phase
comparator 310 outputs a determined phase difference. Posi-
tion detection unmit 312 receives the sum from summing circuit
306. Position detection unit 312 also recerves the determined
phase difference and determines whether the sum from sum-
ming circuit 306 1s at the highest magnitude. The vehicle 1s
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directly over the reflective positioning element if the phase
difference 1s equal to zero and the sum 1s at the highest
magnitude. In some embodiments, transmitter/detector array
300 determines the position of the vehicle relative to the
reflective positioning element within an error of less than 3
CIm.

Antennae 302 also detect the modulated retlection signal
from a transponder. In some embodiments, a separate antenna
detects the modulated retlection signal from the transponder.
In operation, transmitter/detector array 300 receives the
modulated reflection signal and transmits the modulated

reflection signal to VOBC 102 (FIG. 1). In some embodi-

ments, transmitter/detector array 300 identifies the unique
identification code of the transponder and transmits the
umque 1dentification code to VOBC 102. In some embodi-

ments, transmitter/detector array 300 transmits the modu-
lated retlection signal to VOBC 102, and the VOBC 1dentifies

the unique 1dentification code of the transponder.

FIG. 4 1s a schematic diagram of a vehicle position deter-
mining arrangement 400 disposed along a guideway 402 1n
accordance with one or more embodiments. Vehicle position
determining arrangement 400 includes a transponder 404
having a unique 1dentification code. Vehicle position deter-
mining arrangement 400 further includes a first reflective
positioning element 4064 and a second retlective positioning
clement 4065 positioned along guideway 402 and spaced on
opposite sides of transponder 404 along the guideway. First
reflective positioning element 406a 1s spaced a first distance
D1 from transponder 404. Second reflective positioning ele-
ment 4065 1s spaced a second distance D2 from transponder
404. First distance D1 1s different from second distance D2.
Vehicle position determining arrangement 400 also includes
an external control system 408 configured to communicate
with transponder 404 and a vehicle 410. Only a portion of
vehicle 410 1s present 1n FIG. 4 for clarity and ease of expla-
nation. A position determining system 412 1s disposed on-
board vehicle 410. Position determining system 412 1s
located on an axle of vehicle 410. In some embodiments,
position determining system 412 1s located on an undercar-
riage of vehicle 410, 1inside the vehicle, on a side panel of the
vehicle or 1n another suitable position on the vehicle.

Guideway 402 1s a dual rail guideway. In some embodi-
ments, guideway 402 1s a single raill gmdeway. In some
embodiments, guideway 402 1s free of rails.

Transponder 404 1s configured to recerve the interrogation
signal from position determiming system 412 and transmit the
modulated reflection signal which includes the unique 1den-
tification code for the transponder. Transponder 404 1s located
between rails of gmideway 402. In some embodiments, tran-
sponder 404 1s positioned on a wayside of guideway 402.

First reflective positioning element 406a and second
reflective positioming element 4065 are configured to retlect
the interrogation signal without modulating or modifying the
reflection signal. First reflective positioning element 406a
and second retlective positioning element 40656 are located
between the rails of guideway 402. In some embodiments,
first reflective positioning element 4064 and second reflective
positioning element 4065 are located outside the rails of
guideway 402, on a supporting device located on the wayside
of the guideway, on a wall of a tunnel, or at other suitable
locations. In some embodiments, first retlective positioning
clement 4064 and second reflective positioning element 4065
are half-wavelength reflectors. Half-wavelength reflectors
have a dimension, 1n the direction of travel, approximately
equal to half of the wavelength of the interrogation signal. In
some embodiments, first reflective positioning element 4064




US 9,227,641 B2

7

and second reflective positioning element 40656 comprise
copper, aluminum, or another suitable reflective material.

First reflective positioming element 406a and second
reflective positioning element 4065 are spaced from tran-
sponder 404 1n a single dimension. In some embodiments,
reflective positioning element 406a and second reflective
positioning element 4065 are spaced from transponder 404 in
two or three dimensions, so long as a distance 1n the direction
of travel along guideway 402 between the transponder and the
first and second reflective positioning elements 1s known.
First distance D1 1s greater than second distance D2. In some
embodiments, second distance D2 1s greater than first dis-
tance D1. In some embodiments, second reflective position-
ing element 4065 1s omitted.

External control 408 1s positioned on the wayside of guide-
way 402. In some embodiments, external control 408 1s a
de-centralized control. In some embodiments, external con-
trol 408 1s a centralized control. External control 408 1s con-
figured to communicate with position determining system
412 on-board vehicle 410 and transponder 404. External con-
trol 408 1s configured to determine whether transponder 404
1s functioning properly. In some embodiments, position
determining system 412 determines whether transponder 404
1s functioming properly based on a direction of travel and a
database of transponder locations. External control 408 1is
also configured to receive position information from position
determining system 412 and to provide movement instruc-
tions to the position determining system or an automatic
speed and braking system on-board vehicle 410. In some
embodiments, external control 408 1s configured to transmuit
update information to position determining system 412 for
updating a transponder ID database, e.g., transponder 1D
database 106 (FIG. 1).

Vehicle 410 1s a rail mounted vehicle. In some embodi-
ments, vehicle 410 1s a train, a roller coaster, a monorail, a
magnetic guided vehicle, or another suitable vehicle.

Positioning determining system 412 1s configured to deter-
mine a position of vehicle 410 along guideway 402 based on
transponder 404, at least one of first reflective positioning,
clement 4064 or second reflective positioning element 4065,
and a corresponding first distance D1 or second distance D2.
In some embodiments, position determining system 412 1s
position determining system 100 (FIG. 1).

In operation, as vehicle 410 travels along gumideway 402,
position determimng system 412 emits the interrogation sig-
nal. In this example, vehicle 410 1s traveling so as to pass, in
order, first reflective positioming element 406a, transponder
404 and second reflective positioning element 4065. Position
determining system 412 interrogates first reflective position-
ing element 4064 and recerves the reflection signal. Position
determining system 412 determines the precise position of
vehicle 410 relative to the first reflective positioning element,
as described above with respect to transmitter/detector array
200 (FIG. 2) or transmitter/detector array 300 (FIG. 3). As
vehicle 410 continues along guideway 402, position deter-
mimng system 412 interrogates transponder 304 and receives
the modulated reflection signal including the unique identifi-
cation code of the transponder. Position determining system
412 1dentifies the absolute location of transponder 404 using
the transponder ID database, e.g., transponder 1D database
106. Position determining system 412 uses the determined
position relative to first reflective positioning element 406a,
the known location of transponder 404 having the detected
unique 1dentification code, and the known first distance D1 to
calculate the position of vehicle 410. In some embodiments,
the accuracy of the position determination 1s less than a 3 cm
eITor.
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Using a single reflective positioning element, position
determining system 412 1s able to determine the position of
vehicle 410 along guideway 402. Using two reflective posi-
tioning elements, position determining system 412 1s able to
determine both the position of vehicle 410 and the heading of
the vehicle. Continuing with the example above, as vehicle
410 passes second retlective positioning element 4065, posi-
tion determining system 412 determines when the vehicle 1s
passing the second retlective positioning element. Using a
known distance traveled by vehicle 410 after passing tran-
sponder 404, position determining system 412 calculates a
distance traveled between the transponder and second retlec-
tive positioning element 4065. Position determining system
412 compares the calculated time with first distance D1 and
second distance D2 to determine the heading of vehicle. That
1s, position determiming system 412 determines in which
order vehicle 410 passes the first reflective positioning ele-
ment 306a and second reflective positioning element 40656
based on the calculated distance traveled and the known first
distance D1 and the known second distance D2.

FIG. 5 1s a block diagram of a general purpose computing,
device for implementing a position determining system 500
in accordance with one or more embodiments. In some
embodiments, position determining system 300 1s similar to
position determining system 412 (FIG. 4). Position determin-
ing system 300 includes a hardware processor 502 and a
non-transitory, computer readable storage medium 504
encoded with, 1.e., storing, the computer program code 506,
1.€., a set of executable instructions. Computer readable stor-
age medium 504 i1s also encoded with instructions 507 for
interfacing with elements of position determining system
500. The processor 502 1s electrically coupled to the com-
puter readable storage medium 504 via a bus 508. The pro-
cessor 502 1s also electrically coupled to an I/O interface 510
by bus 508. A network interface 512 1s also electrically con-
nected to the processor 502 via bus 308. Network interface
512 1s connected to a network 514, so that processor 502 and
computer readable storage medium 504 are capable of con-
necting and communicating to external elements, e.g., exter-
nal control 108 (FIG. 1) or external control 408 (FI1G. 4), via
network 514. In some embodiments, network interface 512 1s
replaced with a different communication path such as optical
communication, microwave communication, inductive loop
communication, or other suitable communication paths. A
transponder ID database 516 1s also electrically connected to
the processor 502 via bus 508. Transponder ID database 516
stores positions and unique identification codes of transpon-
ders along the guideway. The processor 502 1s configured to
execute the computer program code 506 encoded 1n the com-
puter readable storage medium 504 1n order to cause position
determining system 300 to be usable for performing a portion
or all of the operations as described with respect to position
determining system 100 (FIG. 1), transmitter/detector array
200 (FIG. 2), transmitter/detector array 300 (FIG. 3), position
determining system 412 (FIG. 4) or a method 600 (FIG. 6).

In some embodiments, the processor 502 1s a central pro-
cessing unit (CPU), a multi-processor, a distributed process-
ing system, an application specific integrated circuit (ASIC),
and/or a suitable processing unit. In some embodiments, pro-
cessor 302 1s configured to generate position information
signals for transmitting to external circuitry via network inter-
face 512. In some embodiments, processor 502 1s configured
to update transponder 1D database 516 based on information
received via network interface 512.

In some embodiments, the computer readable storage
medium 504 1s an electronic, magnetic, optical, electromag-
netic, infrared, and/or a semiconductor system (or apparatus
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or device). For example, the computer readable storage
medium 304 includes a semiconductor or solid-state memory,
a magnetic tape, a removable computer diskette, a random
access memory (RAM), a read-only memory (ROM), a ngid
magnetic disk, and/or an optical disk. In some embodiments
using optical disks, the computer readable storage medium
504 includes a compact disk-read only memory (CD-ROM),
a compact disk-read/write (CD-R/W), and/or a digital video
disc (DVD). In some embodiments, the computer readable
storage medium 404 1s part of an embedded microcontroller
or a system on chip (SoC).

In some embodiments, the storage medium 504 stores the
computer program code 506 configured to cause position
determining system 300 to perform the operations as
described with respect to position determining system 100
(FIG. 1), transmitter/detector array 200 (FIG. 2), transmitter/
detector array 300 (FIG. 3), position determining system 412
(FIG. 4) or method 600 (FIG. 6). In some embodiments, the
storage medium 504 also stores information needed for per-
tforming the operations as described with respect to position
determining system 500, such as a position parameter 518, a
first distance parameter 520, a second distance parameter
522, a vehicle speed parameter 524, an emitted wavelength
parameter 526, a heading parameter 528 and/or a set of
executable 1nstructions to perform the operation as described
with respect to position determining system 500.

In some embodiments, the storage medium 504 stores
instructions 307 for interfacing with external components.
The 1nstructions 507 enable processor 502 to generate oper-
ating instructions readable by the external components to
cifectively mmplement the operations as described with
respect to position determining system 500.

Position determining system 500 includes I/O interface
510. I/O interface 510 1s coupled to external circuitry. In some
embodiments, /O interface 510 1s configured to receive
instructions from a port 1n an embedded controller.

Position determining system 500 also includes network
interface 512 coupled to the processor 502. Network interface
512 allows position determining system 500 to communicate
with network 3514, to which one or more other computer

systems are connected. Network interface 512 includes wire-
less network mterfaces such as BLUETOOTH, WIFI,

WIMAX, GPRS, or WCDMA; or wired network interface
such as ETHERNET, USB, IEEE-1394, or asynchronous or
synchronous communications links, such as RS485, CAN or
HDLC. In some embodiments, the operations as descrlbed
with respect to position determining system 300 are imple-
mented 1 two or more position determining systems, and
information such as position, first distance, second distance,

L.L

vehicle speed, emitted wavelength and heading are
exchanged between different position determining system
500 via network 514.

Position determining system 500 also includes transponder
ID database 516 coupled to the processor 502. Transponder
ID database 516 stores unique 1dentification codes of tran-
sponders cross referenced with the position of the transpon-
der along the guideway. Transponder ID database 516 allows
position determining system 500 to determine the position of
the vehicle based on the stored transponder position.

Position determining system 500 is configured to receive
information related to the position from a transmitter/detector
array, e.g., transmitter/detector array 200 (FIG. 2), or trans-
mitter/detector array 300. The information 1s transferred to
processor 302 via bus 508 to determine a position of the
vehicle along the guideway. The position 1s then stored in
computer readable medium 504 as position parameter 518. In
some embodiments, processor 302 determines a heading of
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the vehicle along the guideway. The position 1s then stored in
computer readable medium 504 as heading parameter 528.
Position determining system 500 1s configured to receive
information related to the vehicle speed through I/0 1nterface
510 or network 1nterface 512. The information 1s then stored
in computer readable medium 504 as vehicle speed parameter
524. Position determining system 500 1s configured to receive
information related to the first distance through I/O interface
510 or network interface 512. The information 1s then stored
in computer readable medium 504 as first distance parameter
520. Position determining system 500 1s configured to receive
information related to the second distance through I/0 1nter-
face 510 or network interface 512. The information 1s then
stored 1n computer readable medium 504 as second distance
parameter 522. Position determining system 500 1s config-
ured to recerve information related to the emitted wavelength
through I/O 1nterface 510 or network interface 512. The infor-
mation 1s then stored in computer readable medium 504 as
emitted wavelength parameter 526.

During operation, processor 502 executes a set of istruc-
tions to determine a position of the vehicle along the guide-
way based on a comparison of the parameters stored 1n com-
puter readable medium 504 and the stored unique
identification codes of transponder 1D database 516.

FIG. 6 1s a flow chart of a method 600 of determining a
vehicle position 1 accordance with one or more embodi-
ments. In operation 602, a position determining system, e.g.,
position determining system 100, position determining sys-
tem 412 or position determiming system 300, detects a posi-
tion of a first reflective positioning element, e.g., first reflec-
tive positioning element 4065 (FIG. 4). The positioning
determining system detects the first reflective positioning
clement using a transmitter/detector array, e.g., transmitter/
detector array 200 (FIG. 2), or transmitter/detector array 300
(FI1G. 3). The position determining system detects the posi-
tion of the vehicle when the first reflective positioning ele-
ment 1s located an equal distance from each antenna of the
transmitter/detector array.

In operation 604, the position determining system detects a
unique 1dentification code of a transponder, e.g., transponder
404 (F1G. 4). Position determining system detects the unique
identification code of the transponder based on a modulated
reflection signal.

In optional operation 606, the position determining system
detects a second reflective positioning element, e.g., second
reflective positioning element 4065. The positioning deter-
mining system detects the second reflective positioning ele-
ment using a transmitter/detector array, e.g., transmitter/de-
tector array 200. The position determining system detects the
position of the vehicle when the second reflective positioning
clement 1s located an equal distance from each antenna of the
transmitter/detector array. Operation 606 1s omitted 11 deter-
mining a heading of the vehicle 1s not necessary or desired.

In operation 608, the positioning determining system
determines the position of the vehicle along the guideway.
The position determining system determines the position of
the vehicle by determining a position where the vehicle
passed the first reflective positioning element, identifying the
transponder closest to the first reflective positioning element
and calculating the vehicle position based on a known dis-
tance along the gmideway between the first retlective element
and the known location of the transponder.

In optional operation 610, the position determining system
determines a heading of the vehicle along the guideway. The
position determining system determines the heading of the
vehicle by calculating a distance between the transponder and
the second reflective positioning element and comparing the
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calculated distance with known distances between the first
reflective positioning element and the transponder and
between the second reflective positioning element and the
transponder. Operation 610 1s omitted 1f determining a head-
ing of the vehicle 1s not necessary or desired.

In operation 612, the position determining system trans-
mits the vehicle position information to an external control,
¢.g., external control 108 (FIG. 1) or external control 408
(FIG. 4). The position determining system transmits the
vehicle position information using a network interface, e.g.,
network interface 512. In some embodiments, the position
determining system transmits the vehicle position informa-
tion via an inductive loop communication system, a radio
communication system, an optical communication system or
other suitable communication means.

One of ordinary skill 1n the art would recognize the order of
the above operations 1s adjustable. For example, 1n some
embodiments, the unique 1dentification code of the transpon-
der 1s detected prior to detecting the first retlective positioning
clement. One of ordinary skill in the art would recognize
additional operations are able to be added, 1n some embodi-
ments.

One aspect of this description relates to a position deter-
mimng system for a vehicle on a guideway. The position
determining system includes an on-board controller config-
ured to determine a position of the vehicle on the guideway.
The position determining system further includes a transmiut-
ter/detector array configured to emit an interrogation signal
and to receive retlection signals based on the emitted 1nterro-
gation signal, wherein the transmitter/detector array 1s con-
figured to communicate with the on-board controller. The
transmitter/detector array includes a first antenna and a sec-
ond antenna, the second antenna spaced from the first antenna
in a direction of travel of the vehicle. The position determin-
ing system further includes a transponder 1dentification data-
base configured to store transponder information; the tran-
sponder 1dentification database 1s configured to communicate
with at least one of the on-board controller or the transmuitter/
detector array. The on-board controller 1s configured to deter-
mine the position of the vehicle along the guideway based on
a modulated retlection signal recerved by the transmatter/
detector array and a {first non-modulated retlection signal
received by the transmitter/detector array.

Another aspect of this description relates to a position
determining arrangement for determiming a position of a
vehicle on a guideway. The position determining arrangement
includes a position determining system on-board the vehicle,
the position determining system configured to emit an inter-
rogation signal, recerve a modulated reflection signal having,
a unique 1dentification code, receive a first non-modulated
reflection signal and determine the position of the vehicle
based on the modulated reflection signal and the first non-
modulated reflection signal. The position determining system
turther includes a transponder configured to recerve the inter-
rogation signal and emit the modulated reflection signal hav-
ing the unique identification code. The position determining
system further includes a first reflective positioning element
configured to recerve the interrogation signal and to reflect the
interrogation signal to form the first non-modulated reflection
signal, the first reflective positioning element located a first
known distance along the gmideway from the transponder.

Still another aspect of this description relates to a method
of determining a position of a vehicle on a guideway. The
method includes detecting a position of the vehicle relative to
a {irst reflective positioning element along the gmideway. The
method further includes detecting a unique identification
code of a transponder along the guideway, wherein the tran-
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sponder 1s located a first known distance along the guideway
from the first reflective positioning element. The method fur-
ther includes determining the position of the vehicle, using a
position determining system, based on a modulated reflection
signal received from the transponder, a first non-modulated
reflection signal recerved from the first reflective positioning
element, and the first known distance.

It will be readily seen by one of ordinary skill in the art that
the disclosed embodiments fulfill one or more of the advan-
tages set forth above. After reading the foregoing specifica-
tion, one of ordinary skill will be able to aflect various
changes, substitutions of equivalents and various other
embodiments as broadly disclosed herein. It 1s therefore
intended that the protection granted hereon be limited only by
the definition contained in the appended claims and equiva-
lents thereof.

What 1s claimed 1s:

1. A position determining system for a vehicle on a guide-
way, the position determining system comprising:

an on-board controller configured to determine a position
of the vehicle on the guideway;

a transmitter/detector array configured to emait an interro-
gation signal and to receive retlection signals based on
the emitted interrogation signal, wherein the transmaitter/
detector array 1s configured to communicate with the
on-board controller, the transmitter/detector array com-
prising;:

a first antenna, and
a second antenna, the second antenna spaced from the
first antenna 1n a direction of travel of the vehicle; and

a transponder 1dentification database configured to store
transponder information, the transponder identification
database 1s configured to communicate with at least one
of the on-board controller or the transmitter/detector
array,

wherein the on-board controller 1s configured to determine
the position of the vehicle along the guideway based on
a modulated reflection signal received by the transmut-
ter/detector array and a first non-modulated reflection
signal recerved by the transmitter/detector array.

2. The position determining system of claim 1, wherein the

transmitter/detector array further comprises:

a summing circuit configured to generate a sum signal
based on the reflection signals received by first antenna
and the second antenna; and

a phase comparator configured to determine a phase dif-
ference between the retlection signals.

3. The position determining system of claim 2, wherein the
transmitter/detector further comprises a position detection
unit configured to determine a position of the vehicle based on
the determined phase difference and an intensity of the sum
signal.

4. The position determining system of claim 1, wherein the
on-board controller 1s configured to transmit the determined
position of the vehicle to an external control system.

5. The position determining system of claim 1, wherein the
on-board controller 1s configured to receive update informa-
tion from an external control system, and update the transpon-
der identification database based on the received update infor-
mation.

6. The position determining system of claim 1, wherein the
on-board controller 1s configured to determining a heading of
the vehicle on the gmideway based on the modulated reflec-
tion signal the first non-modulated reflection signal and a
second non-modulated reflection signal received by the trans-
mitter/detector array.
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7. The position determining system of claim 6, wherein the
on-board controller 1s configured to transmit the determined
heading of the vehicle to an external control system.

8. A position determining arrangement for determining a
position of a vehicle on a guideway, the position determining,
arrangement comprising:

a position determining system on-board the vehicle, the
position determining system configured to emit an inter-
rogation signal, recerve a modulated reflection signal
having a unique identification code, recerve a first non-
modulated reflection signal and determine the position
of the vehicle based on the modulated reflection signal
and the first non-modulated reflection signal;

a transponder configured to recetve the interrogation signal
and emit the modulated reflection signal having the
umque 1dentification code; and

a first reflective positioning element configured to receive
the mterrogation signal and to reflect the interrogation
signal to form the first non-modulated reflection signal,
the first reflective positioning element located a first
known distance along the guideway from the transpon-
der.

9. The position determining arrangement of claim 8,

wherein the position determining system comprises:

an on-board controller configured to determine the position
of the;

a transmitter/detector array configured to emit the interro-
gation signal and to receirve the modulated reflection
signal and the first non-modulated reflection signall,
wherein the transmitter/detector array 1s configured to
communicate with the on-board controller, the transmit-
ter/detector array comprising;

a first antenna, and
a second antenna, the second antenna spaced from the
first antenna 1n a direction of travel of the vehicle; and

a transponder 1dentification database configured to store
the unique 1dentification code and a location of the tran-
sponder on the gmideway, the transponder 1dentification
database 1s configured to communicate with at least one
of the on-board controller or the transmitter/detector
array.

10. The position determinming arrangement of claim 9,
wherein the transmitter/detector further comprises a position
detection umt configured to determine a position of the
vehicle based on a phase difference of reflection signals from
the first antenna and the second antenna and an intensity of a
sum of the reflection signals.

11. The position determiming arrangement of claim 8,
wherein the first reflective positioning element 1s half-wave-
length retlector.

12. The position determining arrangement of claim 8, fur-
ther comprising a second retlective positioning element con-
figured to receive the interrogation signal and to reflect the
interrogation signal to form a second non-modulated retlec-
tion signal, the second retlective positioning element located
a second known distance along the guideway from the tran-
sponder.

13. The position determining arrangement of claim 12,
wherein the first known distance 1s different from the second
known distance.
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14. The position determining arrangement of claim 12,
wherein the position determining system 1s configured to
determine a heading of the vehicle based on based on the
modulated reflection signal, the second non-modulated
reflection signal, the first known distance and the second
known distance.

15. The position determining arrangement of claim 8, fur-
ther comprising an external control system configured to
communicate with the position determining system and the
transponder, wherein the position determining system 1s con-
figured to transmit the determined position to the external
control system.

16. A position determining system, the position determin-
Ing system comprising:

an on-board controller configured to determine a position
of a vehicle on a gmdeway;

a transmitter/detector array configured to emait an interro-
gation signal and to receive reflection signals based on
the emitted interrogation signal, wherein the transmaitter/
detector array 1s configured to communicate with the
on-board controller, the transmitter/detector array com-
prising:

a first antenna, and

a second antenna, the second antenna spaced from the
first antenna 1n at least a direction of travel of the
vehicle; and

a transponder 1dentification database configured to com-
municate with at least one of the on-board controller or
the transmitter/detector array,

wherein the on-board controller 1s configured to determine
the position of the vehicle along the guideway based on
a modulated reflection signal received by the transmut-
ter/detector array and a non-modulated reflection signal
received by the transmitter/detector array.

17. The position determiming system of claim 16, wherein

the transmitter/detector array further comprises:

a summing circuit configured to generate a sum signal
based on the reflection signals received by the first
antenna and the second antenna; and

a phase comparator configured to determine a phase dif-
ference between the retlection signals.

18. The position determiming system of claim 17, wherein
the transmitter/detector further comprises a position detec-
tion unit configured to determine a position of the vehicle
based on the determined phase difference and an intensity of
the sum signal.

19. The position determiming system of claim 16, wherein
the transponder 1dentification database has at least one unique
identification code stored therein and wherein at least one of
the recerved reflection signals comprises a umique identifica-
tion code.

20. The position determining system of claim 16, wherein

the on-board controller 1s configured to receive update nfor-
mation from an external control system, and update the tran-
sponder 1dentification database based on the recerved update
information.
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